Using Defatted Microalgae to Produce Health Value Added Eggs by Kim, J.G. & Lei, X.G.
USING DEFATTED MICROALGAE TO PRODUCE HEALTH VALUE ADDED EGGS 
 
J. G. Kim and X. G. Lei 
Department of Animal Science 
Cornell University 
 
INTRODUCTION 
 
The consumers’ demands for food products of superior health quality are growing 
(Hargis and Van Elswyk, 1993; Qi and Sim, 1998; Sim and Qi, 1995; Surai and Sparks, 
2001). A number of studies have been conducted to fortify functional nutrients into 
animal origin foods such as meat, eggs, and milk through feed modifications (Cooper et 
al., 2004; Galobart et al., 2001; Hargis and Van Elswyk, 1993; Sim and Qi, 1995). 
Among these animal origin foods, eggs are considered the most convenient way to 
supply bioactive nutrients. Eggs are added into many foods for leavening, thickening, 
binding, and emulsifying (Stadelman, 1999). Eggs contain highly digestible proteins and 
have amino acid profiles similar to the human requirements. Eggs also supply various 
minerals and major vitamins (vitamins A, E, and B12) (Song and Kerver, 2000). 
However, regular eggs contain relatively high levels of omega-6 (n-6) fatty acids but low 
levels of omega-3 (n-3) fatty acids. Because these two types of fatty acids are 
metabolically and functionally distinct, and, in many cases, have opposite physiological 
effects, their balance in foods is considered to be an important factor (Simopoulos, 2000) 
associated with incidences of certain diseases (Shahidi and Wanasundara, 1998). Eggs 
also contain high amounts of cholesterol (185 mg/egg) that may negatively affect heart 
health at high intakes (Djousse and Gaziano, 2008). While protein and total lipid 
concentrations of eggs are not readily altered by diets of hens, fatty acid composition, 
mineral, and vitamin contents can be modified by feeding the hens with certain dietary 
ingredients. 
 
Current n-3 Fatty Acids-enriched Eggs 
 
The n-3 fatty acids often refer to a group of three polyunsaturated fatty acids: α-
linolenic acid (ALA), eicosapentanoic acid (EPA), and docosahexanoic acid (DHA). 
These fatty acids are perceived to have beneficial effects on preventing or treating 
cancer (Sala-Vila and Calder, 2011), cardiovascular disease (Delgado-Lista et al., 2012; 
Kotwal et al., 2012), and inflammation (Ruggiero et al., 2009; Wall et al., 2010), and on 
cognitive developments (Perica and Delas, 2011; van de Rest et al., 2008). To produce 
n-3 fortified eggs, the simpler way is to feed hens with the ALA-enriched flaxseed or 
flaxseed oil. As ALA is a precursor of EPA and DHA, feeding the ALA-enriched 
ingredients may elevate the DHA concentrations in egg yolk (Ferrier et al., 1995; Van 
Elswyk, 1997b). However, the health benefit of the ALA enriched eggs is limited by the 
low conversion rate of ALA into EPA or DHA (less than 5%) in human (Brenna, 2002; 
Gerster, 1998). Flaxseed seems to be the first choice for producing the n-3 fortified 
eggs (Gonzalez-Esquerra and Leeson, 2000; Jia et al., 2008; Jiang et al., 1991), and a 
level of 10% supplementation effectively enhances the ALA and DHA contents in eggs 
(Scheideler and Froning, 1996). But, including >10% flaxseed in diets for hens showed 
negative effects on their egg production (Bean and Leeson, 2003; Leeson et al., 2000). 
An alternate way to produce n-3 enriched eggs is a direct dietary inclusion of DHA 
and(or) EPA-rich fish meal or fish oil (menhaden, herring or tuna) (Leskanich and Noble, 
1997). However, this approach may result in fishy tastes of the egg yolk (Ahn et al., 
1995; Van Elswyk et al., 1992). In addition, polyunsaturated fatty acids are easily 
oxidized, and the n-3 fatty acids-fortified eggs may produce off-flavor (Caston et al., 
1994; Van Elswyk et al., 1992). Thus, anti-oxidants are usually added in the hens’ diets 
containing high flaxseed meal or other n-3 rich ingredients. However, even high levels 
of vitamin E supplementation could not totally prevent the formation of off-flavor in eggs 
from hens fed diets with flaxseed meal at >10% (Leeson et al., 1998). In production, 
flaxseed and menhaden oil are supplemented at < 5 and 1.5%, respectively, to avoid 
such problem. 
 
Potential Roles of Microalgae in Animal Nutrition 
 
Present food animal production is heavily dependent on corn-soybean meal based 
diets. Compared with other oil seed meals, soybean meal has high protein content and 
well balanced amino acid profile with high lysine content. While the global population is 
expected to reach 9 billion by the year 2050, the substantial use of soybean meal for 
animal production will compete against its needs for human consumption. 
 
Many researchers around the world have attempted to find alternatives for soybean 
meal as the main source of feed protein. One of the alternatives is microalgae due to 
their high-quality nutrient profiles. Microalgae contain 8 – 71% crude protein, and their 
amino acid profiles are superior to those of many feed proteins (Becker, 2004). 
Microalgae also provide many vitamins (A, B1, B2, B3, B12, C, E, nicotinamid, biotin, 
folic acid, and pantothenic acid), pigments (β-carotene or astaxanthin), and 
polyunsaturated fatty acids (ALA, EPA, and DHA) (Spolaore et al., 2006). During the 
past, protein content has been a major factor to evaluate nutritional values of 
microalgae for animal production. At the present time, human health-beneficial nutrients 
or factors such as polyunsaturated fatty acids, β-carotene, and astaxanthin attract 
attentions for their potential in producing value-added foods. 
 
Future Production of Value-added Eggs with Microalgae 
 
As mentioned above, currently-available n-3 fatty acids-fortified eggs are mainly 
produced by dietary inclusion of flaxseeds. This strategy shows its limitation to reach 
>100 mg of DHA/egg due to the low conversion of ALA to DHA in hens (Van Elswyk, 
1997a). As microalgae are original sources of EPA and DHA in the marine food chain, 
they may directly supply EPA and DHA into egg without a need for conversion. Abril et 
al. (1999) used dried microalgae to produce eggs containing 220 mg of DHA without 
lowering egg production yield. Herber and Van Elswyk (1996) fed hens with algae 
containing diets and produced eggs with elevated n-3 fatty acids and decreased n-6 
fatty acids. Feeding hens with Nannochloropsi sp. enhanced egg concentrations of DHA 
and EPA, and egg yolk colors due to carotenoids content in the algae (Fredriksson et al., 
2006; Nitsan et al., 1999). Our laboratory has conducted a series of experiments to 
assess effects of various types of microalgae, along with flaxseed oil, on fatty acid 
profiles of eggs. We have found that microalgae as a source of n-3 fatty acids could 
alleviate side-effects of high flaxseed oil inclusion on the health of hens and elevate 
EPA content of eggs. 
 
Carotenoids (β-carotene or astaxanthin) are lipid-soluble pigments that are primarily 
produced within phytoplankton, algae, and plants. Carotenoids are absorbed from 
animal diets and converted into various bioactive compounds that may have antioxidant 
activities and immunomodulation functions (Lorenz and Cysewski, 2000). The inclusion 
of 20% algae into hens’ diets resulted in 4 times more carotenoids incorporated into 
eggs compared to the corn-soybean meal diet (Fredriksson et al., 2006). In addition, 
Astaxanthin from Haematococcus (microalgae) changed egg yolk color by 7 units of the 
Roche color fan (Lorenz and Cysewski, 2000).  
 
SUMMARY 
 
High protein contents and well-balanced amino acid profiles make microalgae a 
promising alternative protein source for soybean meal in animal production. Moreover, 
high n-3 fatty acid and pigment (β-carotene or astaxanthin) contents of microalgae offer 
unique health values. They could be used as protein and n-3 fatty acid sources to 
produce n-3 fatty acids, especially EPA and DHA, -enriched eggs. They may also be 
used to produce carotenoid- fortified eggs. Fortifying eggs with n-3 fatty acids and 
carotenoid together may enhance stability of eggs during storage and transportation.  
 
REFERENCES 
 
Abril, J.R., W.R. Barclay, and P.G. Abril. 1999. Safe use of microalgae (DHA GOLD) in 
laying hen feed for the production of DHA-enriched eggs. In Sim, J. S., S., Nakai, 
W., Guenter (Ed.) Egg nutrition and biotechnology. pp 197-202.  
Ahn, D.U., H.H. Sunwoo, F.H. Wolfe and J.S. Sim.1995. Effects of dietary alpha-
linolenic acid and strain of hen on the fatty acid composition, storage stability, 
and flavor characteristics of chicken eggs. Poult. Sci. 74(9): 1540-1547.  
Bean, L.D. and S. Leeson. 2003. Long-term effects of feeding flaxseed on performance 
and egg fatty acid composition of brown and white hens. Poult. Sci. 82(3): 388-
394. 
Becker, W. 2004. Microalgae in human and animal nutrition. In A. Richmond (Ed.), 
Handbook of microalgal culture. pp. 312-351.  
Brenna, J.T. 2002. Efficiency of conversion of alpha-linolenic acid to long chain n-3 fatty 
acids in man. Curr. Opin. Clin, Nutr. 5(2): 127-132.  
Caston, L. J., E.J. Squires and S. Leeson. 1994. Hen performance, egg quality, and the 
sensory evaluation of eggs from SCWL hens fed dietary flax. Can. J. Anim. Sci. 
74(2): 347-353. 
Cooper, S. L., L.A. Sinclair, R.G. Wilkinson, K.G. Hallett, M. Enser and J.D. Wood. 2004. 
Manipulation of the n-3 polyunsaturated fatty acid content of muscle and adipose 
tissue in lambs. J. Anim. Sci. 82(5): 1461-1470.  
Delgado-Lista, J., P. Perez-Martinez, J. Lopez-Miranda and F. Perez-Jimenez. 2012. 
Long chain omega-3 fatty acids and cardiovascular disease: A systematic review. 
Br. J. Nutr. 107(Suppl 2): S201-13. 
Djousse, L., and J.M. Gaziano. 2008. Egg consumption and risk of heart failure in the 
physicians' health study. Circulation. 117(4): 512-516. 
Ferrier, L. K., L.J. Caston, S. Leeson, J. Squires, B.J. Weaver, and B.J. Holub. 1995. 
Alpha-linolenic acid- and docosahexaenoic acid-enriched eggs from hens fed 
flaxseed: Influence on blood lipids and platelet phospholipid fatty acids in 
humans. Am. J. Clin. Nutr. 62(1): 81-86.  
Fredriksson, S., K. Elwinger and J. Pickova. 2006. Fatty acid and carotenoid 
composition of egg yolk as an effect of microalgae addition to feed formula for 
laying hens. Food Chem. 99(3): 530-537. 
Galobart, J., A.C. Barroeta, M.D. Baucells and F. Guardiola. 2001. Lipid oxidation in 
fresh and spray-dried eggs enriched with omega3 and omega6 polyunsaturated 
fatty acids during storage as affected by dietary vitamin E and canthaxanthin 
supplementation. Poult. Sci. 80(3): 327-337.  
Gerster, H. 1998. Can adults adequately convert alpha-linolenic acid (18:3n-3) to 
eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid (22:6n-3)? Int. J. 
Vitam. Nutr. Res. 68(3): 159-173.  
Gonzalez-Esquerra, R. and S. Leeson. 2000. Studies on the metabolizable energy 
content of ground full-fat flaxseed fed in mash, pellet, and crumbled diets 
assayed with birds of different ages. Poult. Sci. 79(11): 1603-1607.  
Hargis, P. S. and M.E. Van Elswyk. 1993. Manipulating the fatty acid composition of 
poultry meat and eggs for the health conscious consumer. World Poultry Sci. J. 
49(03): 251-264. 
Herber, S. M. and M.E. Van Elswyk. 1996. Dietary marine algae promotes efficient 
deposition of n-3 fatty acids for the production of enriched shell eggs. Poult. Sci. 
75(12): 1501-1507.  
Jia, W., B.A. Slominski, W. Guenter, A. Humphreys and O. Jones. 2008. The effect of 
enzyme supplementation on egg production parameters and omega-3 fatty acid 
deposition in laying hens fed flaxseed and canola seed. Poult. Sci. 87(10): 2005-
2014.  
Jiang, Z. R., D.U. Ahn and J.S. Sim. 1991. Effects of feeding flax and two types of 
sunflower seeds on fatty acid compositions of yolk lipid classes. Poult. Sci. 
70(12): 2467-2475.  
Kotwal, S., M. Jun, D. Sullivan, V. Perkovic and B. Neal. 2012. Omega 3 fatty acids and 
cardiovascular outcomes: Systematic review and meta-analysis. Cir. Cardiovasc. 
Qual. Outcomes. 5(6): 808-818. 
Leeson, S., L. Caston and T. MacLaurin. 1998. Organoleptic evaluation of eggs 
produced by laying hens fed diets containing graded levels of flaxseed and 
vitamin E. Poult. Sci. 77(9): 1436-1440.  
Leeson, S., J.D. Summers and L.J. Caston. 2000. Response of layers to dietary 
flaxseed according to body weight classification at maturity. J. Appl. Poultry Res. 
9(3): 297-302.  
Leskanich, C. O. and R.C. Noble. 1997. Manipulation of then-3 polyunsaturated fatty 
acid composition of avian eggs and meat. World Poultry. Sci. J. 53(2): 155-183. 
Lorenz, R. T. and G.R. Cysewski. 2000. Commercial potential for haematococcus 
microalgae as a natural source of astaxanthin. Trends in Biotechnol. 18(4): 160-
167.  
Nitsan, Z., S. Mokady and A. Sukenik. 1999. Enrichment of poultry products with 
omega3 fatty acids by dietary supplementation with the alga nannochloropsis 
and mantur oil. J. Agric. Food Chem. 47(12): 5127-5132.  
Perica, M. M. and I. Delas. 2011. Essential fatty acids and psychiatric disorders. Nutr. 
Clin. Pract. 26(4): 409-425. 
Qi, G., and J.S. Sim. 1998. Natural tocopherol enrichment and its effect in n-3 fatty acid 
modified chicken eggs. J. Agric. Food Chem. 46(5): 1920-1926. 
Ruggiero, C., F. Lattanzio, F. Lauretani, B. Gasperini, C. Andres-Lacueva and A. 
Cherubini. 2009. Omega-3 polyunsaturated fatty acids and immune-mediated 
diseases: Inflammatory bowel disease and rheumatoid arthritis. Curr. Pharm. 
Design. 15(36): 4135-4148.  
Sala-Vila, A. and P.C. Calder. 2011. Update on the relationship of fish intake with 
prostate, breast, and colorectal cancers. Crit. Rev. Food Sci. 51(9): 855-871. 
Scheideler, S. E. and G.W. Froning. 1996. The combined influence of dietary flaxseed 
variety, level, form, and storage conditions on egg production and composition 
among vitamin E-supplemented hens. Poult. Sci. 75(10): 1221-1226.  
Shahidi, F. and U.N. Wanasundara. 1998. Omega-3 fatty acid concentrates: Nutritional 
aspects and production technologies. Trends Food Sci. Tech. 9(6): 230-240.  
Sim, J. S. and G. Qi. 1995. Designing poultry products using flaxseed. In L. U. 
Thompson, and L. U. Cunnane (Eds.), Flaxseed in human nutrition, pp. 315-333. 
Simopoulos, A. P. 2000. Human requirement for N-3 polyunsaturated fatty acids. Poult. 
Sci. 79(7): 961-970.  
Song, W. O. and J.M. Kerver. 2000. Nutritional contribution of eggs to american diets. J. 
Am. Coll. Nutr. 19(5 Suppl): 556S-562S.  
Spolaore, P., C. Joannis-Cassan, E. Duran and A. Isambert. 2006. Commercial 
applications of microalgae. J. Biosci. Bioeng. 101(2): 87-96.  
Stadelman, W.J. 1999. The incredibly functional egg. Poult. Sci. 78(6): 807-811.  
Surai, P. F. and N.H.C. Sparks. 2001. Designer eggs: From improvement of egg 
composition to functional food. Trends Food Sci. Tech. 12(1): 7-16.  
van de Rest, O., J. M. Geleijnse, F. J. Kok, W. A. van Staveren, C. Dullemeijer, M.G. 
Olderikkert and C.P. Groot. 2008. Effect of fish oil on cognitive performance in 
older subjects: A randomized, controlled trial. Neurology. 71(6): 430-438. 
Van Elswyk, M. E. 1997a. Comparison of n-3 fatty acid sources in laying hen rations for 
improvement of whole egg nutritional quality: A review. Br. J. Nutr. 78(Suppl 1): 
S61-69.  
Van Elswyk M. E., A.R. Sams and P.S. Hargis. 1992. Composition, functionality, and 
sensory evaluation of eggs from hens fed dietary menhaden oil. J. Food Sci. 
57(2): 342-344. 
Van Elswyk, M. E. 1997b. Nutritional and physiological effects of flax seed in diets for 
laying fowl. World Poultry. Sci. J. 53(3): 253-264. 
Wall, R., R.P. Ross, G.F. Fitzgerald and C. Stanton. 2010. Fatty acids from fish: The 
anti-inflammatory potential of long-chain omega-3 fatty acids. Nutr. Rev. 68(5): 
280-289. 
